Increased blood cholesterol level is considered to be a risk factor for coronary heart disease. Dietary and pharmacologic reduction in total and LDL cholesterol decreases the risk of coronary diseases and dietary intervention is the desirable approach. Many investigators have reported that soluble dietary fibre has the ability to lower plasma cholesterol concentration in experimental animals and in humans[@ref1][@ref2]. Guar gum -- a galactomannan prepared from mature cluster bean (*Cyamoposis tetragonoloba*) has been shown to be a potent hypocholesterolaemic agent in both normal and hypercholesterolaemic animals[@ref3]. Ingestion of guar gum decreases postprandial glycaemia and insulinaemia and improves sensitivity to insulin in diabetes patients[@ref4] and several animal models of diabetes[@ref5]. Guar gum, the soluble galactomannan has been shown to reduce cholesterol by multiple mechanisms, namely, interruption of enterohepatic circulation of bile acids with enhanced bile acid secretion, and inhibition of cholesterol absorption leading to increased excretion of neutral sterols; additionally guar may entrap fat micelles thereby impeding fat absorption.

Cluster beans by virtue of rich soluble fibre content may be of therapeutic value in the control of hypercholesterolaemia. In humans, guar gum has been found to be associated with a 10 per cent reduction in appetite and an increase in the feeling of satiety[@ref6]. It has been claimed that hypocholesterolaemic effect of guar gum may be sustained for at least 6 to 12 months[@ref7]. Guar gum has been shown to lower serum cholesterol levels in normal and hypercholesterolaemic subjects[@ref8]. In the context of limited information on the hypocholesterolaemic potential of whole cluster beans as such, in the present study was carried out to evaluate the hypocholesterolaemic effect of whole cluster bean as a source of guar gum in cholesterol fed rats.

Material & Methods {#sec1-1}
==================

*Materials*: Cholesterol, dipalmitoyl phosphatidylcholine, bile salts, and triolein were purchased from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA). Heparin and manganese chloride were obtained from SISCO Research Laboratory (Mumbai, India). Casein was purchased from Nimesh Corporation (Mumbai, India). Corn starch and cane sugar powder were locally purchased. All other chemicals and solvents were of analytical grade and solvents were distilled prior to use.

Tender cluster beans were purchased from the local market. The edible portions were freeze-dried and powdered. The powdered dry samples were analyzed in triplicate for dietary fibre as soluble dietary fibre and insoluble dietary fibre adapting the rapid enzymatic assay procedure[@ref9].

*Animal diets*: The animals were fed with AIN-76 semi-synthetic diet. The basal control diet consisted of: corn starch, 54 per cent; casein, 21 per cent; cane sugar powder, 10 per cent; refined groundnut oil, 9.9 per cent; AIN-76 mineral mix, 4 per cent; AIN-76 vitaminised starch, 1 per cent; and vitaminised oil, 0.1 per cent. Hypercholesterolaemic diet was made by supplementing 0.5 per cent cholesterol and 0.125 per cent bile salts (1:1 mixture of sodium cholate and sodium deoxycholate) to the above basal diet substituting the same quantity of starch. Diets were stored at 4 °C in air tight containers. The test diets were prepared by incorporating freeze-dried tender cluster bean powder at two dietary levels (12.5 and 25%) by substituting equivalent amount of starch.

*Animal treatment*: The experiments were performed in the Department of Biochemistry, Central Food & Technological Research Institute (CFTRI), Mysore, India. Animal were obtained from Experimental Animal Production Facility of this institute. The study protocol was approved from the Institutional Animal Ethics Committee. Groups of male Wistar rats weighing between 90-95 g were maintained for 8 wk *ad libitum* on: (1) Basal control diet, (2) Basal diet containing 12.5 per cent freeze dried cluster beans, (3) Basal diet containing 25 per cent freeze dried cluster beans, (4) High cholesterol diet (HCD), (5) HCD containing 12.5 per cent freeze dried cluster beans, and (6) HCD containing 25 per cent freeze dried cluster beans. All animals had free access to water throughout the experiment. Body weights were recorded at weekly intervals. At the end of the experimental regimen, animals were fasted overnight and sacrificed under ether anaesthesia. Blood was collected by cardiac puncture and serum was separated. Liver was quickly excised, washed with ice-cold saline, blotted dry, weighed and stored at -20°C until further analysis.

*Lipid profile*: Total lipids were extracted[@ref10] and estimated gravimetrically. Cholesterol[@ref11], triglycerides[@ref12] and phospholipids[@ref13] were determined in the lipid extracts of serum and liver using standard procedures. Serum cholesterol associated with HDL fraction was determined after precipitation of apolipoprotein-B containing lipoprotein with heparin-manganese reagent[@ref14]. LDL-VLDL precipitate was extracted with chloroform: methanol (2:1 v/v) and used for cholesterol determination.

*Statistical analysis*: Statistical analysis was carried by Grad prism statistical software. Results were analyzed by one way ANOVA and the significance level was calculated using Tukey Kramer multiple comparison test.

Results {#sec1-2}
=======

Tender cluster bean pods contained 2.43 g soluble dietary fibre/100 g and 5.16 g insoluble dietary fibre/ 100 g, amounting to a total dietary fibre content of 7.6 g per cent. In terms of dry cluster bean powder included in the diets, 12.5 per cent cluster bean corresponded to 1.52 per cent soluble dietary fibre and 3.23 per cent insoluble dietary fibre, while 25 per cent cluster bean corresponded to 3.04 per cent soluble dietary fibre and 6.45 per cent insoluble dietary fibre.

Feeding of a high cholesterol diet to induce hypercholesterolaemia produced more than two-fold increase (*P*\<0.005) in serum total cholesterol concentration in rats. Both the dietary levels of freeze-dried cluster beans, *i.e*., 12.5 and 25 per cent supplemented with HCD significantly (*P*\<0.05) countered this increase ([Table I](#T1){ref-type="table"}). The decrease in serum cholesterol brought about by dietary cluster beans was seen particularly in the LDL-VLDL fraction.

###### 

Serum lipid profile of tender cluster bean treated animals
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Feeding of hypercholesterolaemic diet depressed the level of HDL-cholesterol by 38 per cent ([Table I](#T1){ref-type="table"}). Supplementation of HCD with 12.5 per cent freeze dried cluster beans enhanced its level from 21.6 to 28.8 mg/dl, while supplementation with 25 per cent freeze dried cluster beans showed even more promising increase of raising HDL-cholesterol level to 31.5 mg/dl. Feeding of freeze-dried cluster beans along with basal control di*et al*so produced a slight but significant decrease in total serum cholesterol and LDL-VLDL associated cholesterol, thus, showing a hypocholesterolaemic potential even in normal condition. The decrease produced by 12.5 per cent cluster beans supplementation in total cholesterol in the serum was 13.5 per cent (76.8-66.4 mg/dl), while it was 18 per cent in LDL-VLDL associated cholesterol (42.9-35.3 mg/dl). The ratio of LDL+VLDL cholesterol: HDL cholesterol was very high in HCD treatment as a result of increase in cholesterol associated with LDL fraction ([Table I](#T1){ref-type="table"}). Cluster bean supplementation to HCD effectively brought down this elevated ratio which signifies the atherogenicity index. The ratio of LDL+VLDL cholesterol: HDL cholesterol was also reduced by dietary cluster beans in normal animals.

In the hypercholesterolaemic situation, the level of serum phospholipid was depressed by 21 per cent, and this was significantly countered by supplementing HCD with freeze dried cluster beans ([Table I](#T1){ref-type="table"}). Serum phospholipid levels were completely restored to normal levels in both 12.5 and 25 per cent freeze dried cluster bean fed along with HCD. Serum phospholipid value was unaffected by dietary cluster beans in normal conditions. Cholesterol: phospholipid ratio was increased by more than three-fold under the influence of HCD, as a consequence of increased cholesterol and reduced phospholipid concentration. The increase in this ratio was effectively countered by dietary cluster beans in hypercholesterolaemic animals ([Table I](#T1){ref-type="table"}). Cholesterol: phospholipid ratio was also significantly reduced in normal animals under the influence dietary cluster beans. Hypercholesterolaemic situation induced by HCD did not cause much difference in the serum triglyceride value ([Table I](#T1){ref-type="table"}). Supplementation of HCD with 12.5 and 25 per cent freeze dried cluster beans reduced it significantly (*P*\<0.05) to 142.3 and 136.7 mg/dl, respectively from 189.3 mg/dl. Serum triglyceride value was also reduced significantly (*P*\<0.05) from 193.6 to 154.8 mg/dl in basal control diet supplemented with 12.5 per cent freeze dried cluster beans \[[Table I](#T1){ref-type="table"}\].

In the hypercholesterolaemic groups, HCD control had a hepatic cholesterol content of 34.3 mg/g, which amounted to 7.4-times the basal control value. Significant (P\<0.05) reduction in hepatic cholesterol content was seen in rats fed with 12.5 or 25 per cent freeze-dried cluster beans along with HCD. Hepatic phospholipid content was unaffected in HCD treatment ([Table II](#T2){ref-type="table"}). Dietary cluster bean did not have any influence on hepatic phospholipid either in HCD fed animals or in basal diet fed animals. Hepatic triglyceride content was about double in HCD treatment. Supplementation of HCD with freeze dried cluster beans reversed it to 9.43 mg/g and 4.85 mg/g (in 12.5 and 25% groups) in the respective groups, the latter amounting to bring the triglyceride value to normal range. The triglyceride lowering effect of dietary cluster beans was also seen in basal diet fed animals where 12.5 per cent freeze dried cluster beans appreciably reduced the value to almost half (3.62 compared to 6.92 mg/g in basal control) ([Table II](#T2){ref-type="table"}).
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Liver lipid profile of tender cluster bean treated animals
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Changes in body and liver weights of rats were seen as a result of feeding tender cluster beans ([Table III](#T3){ref-type="table"}). Hypercholesterolaemic diet had increased the body weight of rats by 209 g; the gain in body weight was significantly (*P*\<0.05) less in animals fed cluster beans along with cholesterol (146 and 135 g in the two groups). The gain in body weight was lowered by dietary cluster beans even in basal group (99 g as compared 133 g in basal control). The liver weights of the rats expressed as g/100 g body weight were not affected by dietary cluster beans ([Table III](#T3){ref-type="table"}).
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Body weight and liver weight of rats fed tender cluster beans
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Discussion {#sec1-3}
==========

Soluble dietary fibre such as guar gum has been explored for their ability to reduce plasma cholesterol and hence contributing significantly to cardio protective property. A relationship between fibre deficit diet and acceleration in the development of certain chronic and degenerative diseases has been hypothesized. Guar gum is a dietary fibre advocated for use in lowering serum total cholesterol levels in patients with hypercholesterolaemia[@ref2]. Its mechanism of action is proposed to be similar to that of the bile-sequestering resins. Clinical trials indicate that guar gum may reduce serum total cholesterol by 10 to 15 per cent[@ref8], although some studies showed no significant response[@ref8]. An attenuation of this effect during long term treatment has been seen but evidence of this effect is equivocal[@ref17]. As an adjunct to established therapies (bezafibrate, lovastatin or gemfibrozil) guar gum has shown some promise: it may produce a further reduction in total cholesterol of about 10 per cent in patients not responding adequately to these drugs alone[@ref18].

Fernandez *et al*[@ref19] observed that the hypocholesterolaemic effect of guar gum is due to its ability to form viscous gel in the small intestine. Favier *et al*[@ref20] studied the effects of guar gum in rats adapted to 0.4 per cent cholesterol diets and reported lowered plasma cholesterol accompanied by significantly enhanced biliary bile acid excretion as well as the intestinal and cecal bile acid pool. Their study had inferred that high viscosity of guar gum may reduce the rate of gastric emptying and the diffusion of nutrients into the mucosa of small intestine. This mechanism further reduces the absorption of cholesterol, whether its origin is dietary or endogenous. The emphasis is on the capacity of fibre to entrap bile acids in small intestine and to increase their faecal excretion, which in turn accelerates cholesterol oxidation to bile acids resulting in a spillover of body\'s cholesterol pool, due to faecal loss of steroid[@ref20].

Moriceau *et al*[@ref17] investigated various aspects of enterohepatic bile acid cycling in rats adapted to fibre-free or 5 per cent guar gum diets (supplemented with 0.25% cholesterol) and concluded that the enterohepatic cycling of steroids, especially bile acids reabsorption in portal blood is reduced. Guar gum had a significant inhibitory effect on the uptake of cholesterol into micelles[@ref21]. The effect of guar gum on plasma lipoproteins and cholesterol in hypercholesterolaemic adults showed that the guar gum induced a reduction in total cholesterol of 26 mg/dl and LDL cholesterol of 25 mg/dl[@ref22]. A 4 wk of guar gum supplementation in diet of type I diabetic patients decreased, the serum total cholesterol level by 21 per cent[@ref23]. Brown and Walter[@ref24] reported that inclusion of 3 g soluble fibre could decrease cholesterol by 0.129 mmol/l in a controlled clinical trial.

Effect of crude dietary fibre sources (supplemented at 5 or 10%) has been examined on the plasma cholesterol concentration in Sprague-Dawley rats[@ref25]. The results suggested that dietary fibres exert a plasma cholesterol-lowering effect through cecal fermentation of this fibre. In fact, soluble fibre such as guar gum are almost completely fermented by gut microflora to short chain fatty acids and this process is characterized by an acidification of cecal contents. Propionate, a fermentable metabolite of soluble fibre is one of the prime components known to decrease the serum and hepatic cholesterol. Propionate concentrations at 1-1.25 mmol/l resulted in inhibition of cholesterol synthesis *in vitro*[@ref26].

The effects of guar gum on food intake, levels of blood serum cholesterol, triacylglycerols, glucose and LDL and HDL-cholesterol were studied in normal rats by feeding diets containing 0, 10 and 20 per cent (w/w) guar gum for 60 days[@ref27]. The rats fed the guar gum diets showed significantly lower levels of blood serum cholesterol, triacylglycerols, reduced food intake and body weight gain. A concomitant increase in HDL-cholesterol with a substantial elevation of the HDL/LDL cholesterol ratio was noted. The effect of guar seed feeding for 4 wk on serum total lipids, cholesterol, triglycerides and phospholipids has been evaluated in normal and alloxan induced diabetic guinea pigs[@ref28]. Blood sugar and total lipid levels were found to be decreased significantly in normal and as well as diabetic animals; free and esterified cholesterol levels were also observed to be lowered significantly in normal animals, whereas esterified fraction alone was found to be lowered in diabetics. Significant fall in the levels of other lipids -- triglycerides, phospholipids and total lipids was also noticed.

It has been reported that 5 g of guar granules sprinkled over food at each main meal for a period of 4 wk decreased total plasma cholesterol[@ref29]. Another study has reported that soluble dietary fibres have the ability to reduce absorption of neutral sterols, including cholesterol; and that a high faecal concentration of coprostanol, a bacteria metabolite of cholesterol, was higher in rats fed guar diet[@ref30]. This increase in coprostanol suggests that soluble fibre may alter intestinal micro flora, favouring the degradation of cholesterol to coprostanol and enhancing its faecal excretion[@ref31].

Effect of incorporating tender cluster bean pod into a hypercholesterolaemic diet of rats has been studied earlier[@ref32]. Cluster bean incorporated at 0.5 and 2.5 per cent levels to the high cholesterol diet and fed for 7 wk, exerted a hypocholesterolaemic effect and also lowered liver cholesterol concentration. The present study examined 5-times higher dietary level than this study, has not only confirmed the cholesterol lowering influence of tender cluster bean pods, but also shown that higher effects can be derived with this higher dietary level. Beneficial increase in the concentration of HDL associated cholesterol by dietary tender cluster beans was also shown in our study. In rats, the presence of guar gum in the diet not only was hypocholesterolaemic relative to the fibre-free diet, but also decreased food intake and body weight gain perhaps due to distension of the gastrointestinal tract[@ref33]. Our study also showed reduction in body weight of rats fed with freeze-dried tender cluster beans.

In summary, the present animal study showed cholesterol lowering effect of dietary tender cluster beans in hypercholesterolaemic situation. This was also accompanied by countering of the changes in blood phospholipids, triglycerides and also hepatic lipid profile. There was a significant reduction in the weight gain of the animals by dietary cluster beans during HCD feeding. The results suggest that tender cluster beans may be effective in the treatment of hypercholesterolaemia in humans. Further studies in human volunteers need to be done to substantiate these findings. Also toxicity evaluation studies of long-term feeding of high doses of cluster beans are necessary.
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